This paper investigated the causal relationship among health expenditure, education expenditure and GDP for Bangladesh. First we present the extension form of the augmented Solow Growth model by including education expenditure and health expenditure as education and health capital. In our empirical study we used time series data for the period 1990 to 2009. From the ECM methodology we found that an including of health and education expenditure as an investment in health and education capital improve the significance of the coefficient of human and physical capital in the growth model for Bangladesh. Secondly, we find out the causal relationship among these variables by Var Granger Causality test. From the empirical study we found the existence of bidirectional causality from education expenditure to GDP and also from education expenditure to health expenditure and only unidirectional causality is obtained from health expenditure to GDP. This paper will provide a significant policy guideline to the policy maker.
Introduction
Education has been recognized as an investment not only for creating human capital, but also for inducing social change and promoting overall development. The vision of education as a proactive intervention for desired change got grudging recognition over time in development thinking; although, the case for emphasizing labor productivity for creating surplus for investment has been advocated by Adam Smith and others since the 18th century.
According to the both theoretical and empirical growth literature, technological change is the main source of growth and differences in the rate of technological change are the principal cause of income differences across countries (Klenow and Rodriguez-Clare (1997) , Hall and Jones (1999) , Easterly and Levine (2001) ). For technological change to occur countries need to engage in innovation or imitation activities that use primarily human capital as an input (Nelson and Phelps (1966) , Romer (1990a) , Romer (1990b) , Abramovitz (1986) ). Since formal education is an important source of human capital, the study of the relationship between education, technological change and growth can provide important insights on the causes of income differences across countries. Another important issue in this perspective has been highlighted by Siddiqui, Afridi, and Haq, (1995) that improvement in the health status of the population of human capital formation. Improved health status of a nation creates an outward shift in the labor supply curve and increases productivity of labor with an increase in the productivity of investment in other forms of human capital.
to explain the long-term increasing nature of healthcare expenditure in a growing economy. They considered health consumption as an investment in human capital because it improves labor's working ability by promoting worker reliability, energy and attention and finally they applied this model for 15 OECD countries for their empirical analysis. Grigoriou and Graziosi (2005) analyzed the effects of education and health expenditures on child labor for some developing countries and found that each type of public spending influence on the individual trade-off through a particular way: the education spending increases the return of education, while the health spending reduces the risk of children death. Himissa et al (2009) explored the inter-relationship between military expenditure, education expenditure and health expenditure for Malaysia, Indonesia, Singapore, Philippines, Bangladesh, Nepal, Sri Lanka and South Korea and found that except for the case of Malaysia and Sri Lanka, whereby no meaningful interrelationship was detected between these three variables, the results for the rest of the countries are mixed, with differing granger causality being detected among these variables. The mixed results obtained in this study is an indicator of differing policy being implemented and will result in varying implication. Generally the error correction term is significant. Implying there is long-run relationship between defense spending, education and health expenditure. Nancy and Paul (2001) examined the granger causality between health care expenditure and economic growth for 20 OECD countries. From these earlier studies we found that most of researchers used cross country panel data analysis. Moreover, none of them included education expenditure as an education capital with Solow Growth Model. So, the aim of this paper is twofold. First we present the extension form of an Augmented Solow Growth model in a Cobb-Douglas functional form by including health and education expenditure as health and education capital and check either this inclusion variable can improve the significance of the coefficient of human and physical capital or not in case of Bangladesh. Secondly we used Granger Causality/Block Exogeneity Wald Tests to examine the causal relationship among these variables. The organization of this paper is as follows: The introduction and some previous studies are given in section 1.Section 2 presents the methodology. Section 3 presents the empirical study and finally section 4 presents the conclusions.
Methodology
We will discuss the stationarity, Cointegration tests and Granger Causality test. We also present the extended form of Solow Growth model by including Education and health capital.
Stationarity
To determine the non-stationary property of these time series variables, the relevant DF and ADF test have been employed. The DF test is based on the following model:
The ADF test is a modification over the DF test and lagged values of the dependent variables are added in estimation of equation (1) which is formed as follows:
Since it is widely believed that both DF and ADF test do not consider the cases of heteroscedasticity and non-normality frequently revealed in a raw data of economic time series variables the PP test for unit root has been used in the empirical analysis. Moreover, it has an advantage over the ADF test when the concerned time series has serial correlation and there is a structural break. Therefore, the PP test provides robust estimates over DF and ADF tests and is based on the following form of equation
The appropriate critical values of time t statistics for the null hypothesis of non-stationarity are given by Mackinnon(1991) . Further an alternative testing procedure, KPSS test has been performed where the concerned time series variables are assumed to be trend stationary under null hypothesis (Patterson, 2002) . The KPSS test starts from the basic local level model
The KPSS test statistics is based on the following Lagrangian Multiplier (LM) statistic:
Where f is an estimator of the residuals spectrum at frequency zero. The appropriate critical values for the LM statistic are given by Kwiatkowski-Phillips-Schmidt-shin. At equation (1), (2) 
Cointegration tests
Many micro economic time series data may contain a unit root that has spurred the development of the theory of non-stationary time series analysis. Engle and Granger (1987) show that if two variables are co-integrated i.e., there is a valid long-run relationship, and then there exists a corresponding short-run relationship. This is popularly known as the Granger's Representation Theorem. Hendry's (1979 Hendry's ( , 1995 general-to-specific approach has been applied in this case where the model (i.e., ECM) is used in the following form: 
where  represent the difference operator, , , are the random disturbance terms, m1, m2, m3, m4, m5, m6 are the number of lag length determined by the Akaike's information criterion (AIC). According to this approach, two lags of both explanatory and dependent variable and one lag of the residual from the co-integrating regression have been included. Here we present the equation only for the series of GDP, health expenditure and education expenditure.
Granger Causality test
Once we have established the long run relationship among education expenditure, health expenditure and GDP, the next steps is to examine the Granger-Causal relationship among these variables. X is said to be Granger cause to Y if and only if the forecast of Y is improved by using the past values of X together with the past values of Y, than by not doing so (Granger(1969) ). Granger causality distinguishes between unidirectional and bi-directional causality. Unidirectional causality is said to exist from X to Y if X causes Y but Y does not causes X. If neither of them causes the other, then the two time series are statistically independent. If each of the variables causes the other, then a mutual feedback is said to exist between the variables. In order to test for Granger causality, we will estimate a VAR model as follows, where all variables are initially considered symmetrically and endogenously.
Where t is the time subscript, n is the number of lags for the VAR,  is the vector of constant and 
Extended Solow Growth Model
Solow's model takes the rates of saving, population growth, and technological progress as exogenous variable. There are two inputs; capital and labor which are paid their marginal products. We assume a Cobb-Douglass production function, so production at time t is given by 
as the stock of capital and the level of output per unit of labor respectively, the evolution of capital is governed by 
Putting the value of (14) in (10) and taking log on both sides, the steady state income per capita can be written as
This is the simplified form of the Solow model, here 0  is the intercept and ) (t  is the random disturbance term.
This model has been used as the basic model in empirical specifications (see Barro and Sala-i-Martin (1992) ). Later Barro and Lee (1993) , Benhabib and Siegel (1994) included human capital as another input of production function. Augmentation of human capital in the growth model proved to be useful concerning the prediction power and the size of  , exclusion of human capital creates a specification biased. The production function in equation (10) can be written as:
Where H is the stock of human capital which is proxies by average level of education. Then the stock of human capital growth is determined by 
Now the Solow model can be augmented to investments in health. Then the evolution of health expenditure is determined by 
The form of equation (20) 
The model in equation (22) can be estimated by OLS method. In the new endogenous growth theory it has been argued that the degree of absorption of technological advances increases with increases in the openness of a country. The addition of human, health and education capital along with physical capital improves the performance of the Solow model.
Empirical Study
For our empirical study we use the annual data of real GDP, Population, real gross fixed capital formation, real physical capital and gross enrollments in primary, secondary and tertiary levels of education taken as a proxy for human capital, health and education expenditure are taken as the proxy of health and education capital for Bangladesh for the year 1990 to 2009. Annual data are collected from the World Economic Indicators and from the key indicators for the Asia and the pacific of Asian Development Bank website. These data are transformed into natural logarithms to account for the expected non-linearities in the relationships and also to achieve stationarity in variance (Chang and Caudill, 2005) . The descriptive statistics of these variables are presented in Table- 1. From Table- 1 we found that the mean return of the Y(t), K(t), H(t), Q(t), B(t) and E(t) are 7. 7436, 6.1983, 4.7897, 4 .8394, 2.9619 and 3.7530 respectively. The ranges of the standard deviation of these series are from 0.1580 to 0.6777. Among these variables H(t) present the smallest and K(t) present the highest standard deviation. All of these series are not normally distributed as their kurtosis is less than 3. This table also present that Y(t) and K(t) are positively skewed and rest of series are negatively skewed.
Prior to test for cointegration and implementing the Granger causality test, econometric methodology needs to examine the stationarity for each individual time series. It is important to make sure that these variables are stationary, because if they are not stationary then the standard assumptions for asymptotic analysis in the Granger causality test will not be valid. In our study we applied different popular unit root test such as Augmented Dickey-Fuller (ADF, 1979), Dickey-Fuller (1981) , Phillips-Perron (PP, 1988) , and Kwiatkowski, Phillips, Schmidt and Shin (KPSS, 1992) test. These tests are done for both trend and without trend. The estimation results for Unit root test statistics for level are given at Table-2. From Table- 2 we found that we cannot reject the null hypothesis of nonstationary which indicates that all of these variables are non stationary both at 1% and also 5% significance level for both trend and without trend for their levels. Similar results are obtained for first differences. Then we consider second difference and found that we can reject the null hypothesis which indicate that all of these variables are stationary at 1% as well as 5% level of significance except E(t) series with ADF test for both trend and without trend but other test confirmed the stationarity(See Table- 3). The estimation results for first differences are omitted from here. Having found that all of these variables have unit roots, our next step is to running Johansen (1988) Table-5 . From this table we found that in the long run health expenditure has positive and significant effect on the GDP whereas education expenditure has negative effect on the GDP of Bangladesh which is also statistically significant.
Later we present the ECM parameter estimation results. The major advantage of the ECM representation is that it avoids the problem of spurious correlation between dependent and explanatory variables. ECM estimation results are given in Table-6 . From this table we found that health and education expenditure are statistically significant and other capital also have significant positive effect on the growth model. It also showed that the error correction term is statistically significant. So an including of health and education expenditure as an investment in health and education capital improve the significance of the coefficient of human and physical capital in the growth model for Bangladesh. Now we are interested to find out the causal relationship among GDP, health and education expenditure for Bangladesh. For this purpose we use VAR Granger Causality/Block Exogeneity Wald Tests. Under this system, an endogenous variable can be treated as exogenous. The estimated results are given in Table-7 . From Table-7 we found that a chi-square (Wald) test statistics of 8.144192 for B(t) with reference to Y(t) represent the hypothesis that lagged coefficient of B(t) in the regression equation of Y(t) are equal to zero. Similarly, the lagged coefficient of E(t) as well as block of all coefficients in the regression equation of Y(t) are equal to zero. Thus health and education expenditure are granger cause for GDP at 0.017 and 0.026 levels of significance respectively. Also all the variables are granger cause for GDP at the 0.0122 level. The test results for B(t) equation indicate that the lagged coefficients of Y(t) are not equal to zero but the lagged coefficient of E(t) are equal to zero. This indicates that GDP is not granger cause for health expenditure whereas education expenditure is granger cause of health expenditure. Similarly, from the E(t) equation we found that Y(t) and B(t) are granger cause for E(t). This indicates that for education expenditure; GDP and health expenditure are granger cause. So, we found the bidirectional causality among GDP with education expenditure and also education expenditure with health expenditure and only unidirectional causality is obtained from health expenditure to GDP for Bangladesh.
Conclusions
This paper investigated the causal relationship among health expenditure, education expenditure and GDP for Bangladesh over the period 1990-2009. First we presented the extended form of the Augmented Solow growth model by including education and health expenditure as an investment in health and education capital. From the empirical study we found that health and education expenditure are statistically significant and other capital also have significant positive effect on the growth variable. It also showed that the error correction term is statistically significant. So an including of health and education expenditure as an investment in health and education capital improve the significance of the coefficient of human and physical capital in the growth model for Bangladesh. Secondly we find out the causal relationship among these variables. For this purpose we used Granger Causality/Block Exogeneity Wald Tests. From our empirical study we found the existence of stable and strong long-run relationship among these variables in the growth model. We also found the strong evidence of the unidirectional causality from health expenditure to GDP and bidirectional causality is running from education expenditure to GDP and vice versa and also from education expenditure to health expenditure which indicate that health and education expenditure are helping the GDP of Bangladesh to grow where GDP also influence the education expenditure but it does not influence the health expenditure and also health and education expenditure helping each other to grow up for the case of Bangladesh. Nelson, R. R. and Phelps, E. S. (1966) . Investment in Humans, Technological Diffusion and Economic Growth. American Economic Review, 56(1/2), pp. 69-75. Osterwald-Lenum, M., (1992) . Practioners corner a note with quartiles of the asymptotic distribution of the maximum likelihood cointegration rank test statistics. Oxford Bulletin of Economics and Statistics, 54, 461-472. Phillips, P. C. B. and Perron, P. (1988) 
